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Studies Towards the Total Synthesis of Epothilones- 
Asymmetric Synthesis of the Key Fragments 

Dieter Schinzer,* Anja Limberg and Oliver M. Bohm 

AJ^.ci: Members of a new class of macrolide-the so-called epothilones (I)- s howi„ g 
a uxol-l.keb.olog.cal activity have recently been isolated. A convergent approach to I 
« presented, and the asymmetric syntheses of the three key intermediates 3. 4. and 8 are 
reported. 
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Introduction 

Very recently, a new class of macrolide, the so-called epothilones 
(1 , Scheme 1 ) . was isolated by Hdfle « al." ■ « These compounds 
show a sinking stabilizing effect on the polymerization of mi- 
crotubules and are very active against mouse leukemia cell lines. 

In addition, a strong 
immune suppression 
in human cells has 
»^ k^-^s bcen ^Ported- 131 The 

\JL J. sU ™ logical activity 

H ' s£ - OH spectrum is very close 

to that of taxol. 
and both compounds 
probably compete for 
the same receptor and 
replace each other. 
They are "equipotent" 
in in vitro tests, show 
. . t similar kinetics and 

provide closely similar microscopic pictures of microtubule 
structure and cell damage m There is a major difference in their 
effect on cell lines showing multiple drug resistance; epothilones 
are between about 2000 and 5000 times more active than taxol 
in these experiments. 12 ** 1 

In this full paper we wish to report our efforts focusing on the 
total synthesis of epothilones I. Following our retrosynthetic 
analysis. 1 can be split into three major fragments— 3, 4 and 8 
(Schemes 2 and 3): 3 and 4 can be coupled through a stereoselec- 
tive aldol reaction to provide subunit 2. Key intermediate 8 is 
obtained from the same starting material as intermediate 3 by 
employing a Sharpies* resolution to obtain the optically active 
allyl alcohol 11. 
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Scheme 1. Epothilones. A:R«H, B;R- 
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Scheme 2. Retrosymheiic analysis for key fragmeou 3 and 4. 
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Results and Discussion 

?vwif™lT« PrOPa U C " - l - MioL ^^-butyldimethylsilyl. 
oxy)propanar (5) was obtained in two steps by monosilyiation 
and Swern oxidation (Scheme 4).<> •! Reaction with (~Mpc lB " 

«St^ pa ^ in SilUt yiHded thc ^nationalized homoiilljlic 
alcohol 15 m 95 % ee with the correct absolute configurator , < 7 ' 



0947~6SJV'96t<Ktt.f477 S tS.UO+S* 0 



1477 



BNSOOCID:<XP 2095724A > 



FULL PAPER 



D. Schinycr ct al, 



8 OBn 



OTBOMS 




NaOH, EtOH 



8t% 



ONa 



TBOMSCI. 
Imtdazoto. OMF 

85% 



TBOMSO. 



P(0)(OEl)» 



10 



OBn 

9 

A 




07BI5V: 



4 



in . 

O OTBOMS 



MgBr 



S 12 

Scheme 3. Retrosymhetic analyst* for key fragment 8. 



Deprotection of 15 followed by protection as the acetonide 16, 
oxidative cleavage of the double bond, Grignard addition and 
final oxidation with TPAP/NMO 1 * 1 gave key fragment 3 in high 
overall yield. 

Key aldehyde 4 was synthesized starting from oxaprolactone 
(19) (Scheme 5). Lactonc-opening, protection of the resulting 
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Scheme 4. Synthesis ofkey fragment 3. TBDMS: frrt-butyWimethylsilyi. Ipc: tsopinocampheyL TPAP: tetntpropyl, 
momum perruihermie(vii), NMO: 4-mclhybnorphoJine /V-oxide. 



Schemes. Synthesis ofkey fragment 4. HMDS: I.U JJ.W»uimeihyldisiUizai«. LAH: litlm. 
aluminium hydride tfor oiher abbreviations, see Scheme 4). 



alcohol as the TBDMS ether |9] and reaction with thiuu>i 
chloride resulted in the formation of acid chloride 23. Reac- 
tion of 23 with oxazolidinone 24 generated amide 7, IIOi which 
was alkylated with methyl iodide by using the Evans prom- 
col to provide compound 25. Mt) Cleavage of the chiml 
auxiliary with LAH and reoxidation to the z-chiral alde- 
hyde 4 under Swern conditions provided the desired key 
fragment 4. 

Subunit 8 was synthesized from compound 5, the same start- 
ing material as for the synthesis ofkey fragment 3 (Scheme 6). 
Addition of propenyl Grignard reagent 12 gave the functional- 
ized allylic alcohol 27 in high yield. 11 21 Sharpless resolution pro- 
vided alcohol 11 with the desired (S) configuration in 80% 
ee iij-13! Benzylation followed b\ - 
oxidative cleavage of the double 
bond with NaI0*/0s0 4 gave 
methyl ketone 9. Thiazole deriva- 
tive 29 was synthesized in a 
straightforward way. by conden- 
sation of cysteine methy! ester hy- 
drochloride with acetaldehyde and 
dehydrogenatton with manganese 
dioxide.' 161 Compound 29 wy> 
transformed into bromide 30." ' 
An Arbuzov reaction then gave 
phosphonatc 10. (,8) Deprotonu- 
tion of phosphonate 10 with /iBuLi 
and reaction with methyl ketone 9 
under Horner- Emmons condi- 
tions 11 91 yielded the desired trisub- 
stituted olefin 8 as a single 
stereoisomer. The olefin configu- 
ration in 8 was unambiguous!) 
confirmed by NOE experi- 
ments." * 2t> > 
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Schemed Synthesis of key fragment 8. 



Conclusion 

We have used a convergent approach to synthesize the desired 
key intermediates 3. 4 and 8 for the cytotoxic macrolides 
epoth.lone A and B (Scheme 1). Starring with very simple com- 
pounds we obtained important precursors enantiomerically 
pure with good overall yield. The final step in this total synthesis 
of epothilones. the coupling of fragments 3, 4 and 8, is under 
investigation and will be reported in due course. 



Experimental Section 



High-resolution mass spectra were obuincd oo Fionigan MAT 312 and MAT 8430 

£rT£v^£? °° ™>- FT"" ««* Nicoiet 320 FT-IR spe«rom. 

^^I^IZ^ "T^ °° " *452 A spectrometer. NMR 

^oZ^lS^ 6 °° BnU<r A 5_^ AM400 and DMX600 «i>ectrometers. 
AJI organotypic reactions were performed under nitrogen, and pure products 

w^.^^T^T,^ T"* <>f * Synn * C P^P- station, were recorded 

*f m E ^ 2«J^nm«ier. GC analysis was performed with a Macherey - 
Nage, column (50 m. OV l ) oo a Dan, 86.10HTGC. 

rad«« J50O mg, J-34 mn»l ! equiv) wm slowly added to a cooled suspension 

rnt- (2.6 mL). The reaction mature was stirred at that temperature for 6h. The 
™™ "T**^ " RT < l4mmH *t* h «d 0.5 mm Hg/2 h>. and the crude 
r^LT!.^?*^ m ^ it0mL) ^ t0,Bli00 ~" mooted to -78X. and 
l^l^r ^ tL" »4dect The mixture was stirred for 12 h 

-tattoo (I0.7mt) and 30% H.O, solution (4.4 mL) and refluxed for 2h. The 
£££ £1 W ! >W1 * hcd ^ w,ttr < 13 mL > Wne (25 mL). and dried over 
„ a 8 ^I~"** m «»oved, and toe crude product purified by flash enro- 

JCT£ Y '^r^ ' 1 :2) *° * W ^ "ass «to«rte oil (922^ 
49 /.. 95% rr). - - 1 6 (r - 1.0. CHCl,). The enanUotneric excess («) was 

F'ZSZS' 7? J 6 * 01 " 4 * of M was determined by the me.bod^f 

(dd. V- 17.4Hz. V-ll.OHz. ,H. HO). 5.02 (dd V-JIOhI 
(m. . H. H-l ). 3.51 (dd. V - .0.2. 1.6 Hz. I H. HO). 3.19 (br 1 H. OH). 1 .66- 1 .48 



-A 



-(m. 2H. H-2> ; 1.01 (I.-3H). 1,00 (s. 3H Xt- 
(CH,),). 0.88 fs. 9H. Si/Bu). 0.06 (s 6H 
SilCH,),); ,J C NMR (100 MHz. C13C1,)* 
6 - M5.69 (d). I (2.27 (t>. 78.52 (d). 63 ?9 (\\ 
41.19 (s). 3JJ9 f£}. 25.S9 2J.55 ,'q>.*22 4 3 
(q). 1HJ7 (s). -5.52 (q): MS (70eV. El)",",- 
(V.j: 201 0){M * - /BuJ. 1K9(37). 131 (50). 109 
(100). 105 (41). 101 {34|, 89 (37). 75 (9^> 
(HOSKCH,)/]. 73 (52). 67 (35): HRMS (El>- 
calcd for C,^H. t O.Si \M ' - /8u| 201.1311. 
found 201.U1. 



^OKOEQs 



N 
10 



(ShH 1 J -DimeihyUIIyl)-2JHliniettyH 1 -3K»- 
oxanc (16): Anhydrous CuS0 4 (400 mg. 
2.51 mmol. 2.3 cquiv) was added to a solution of 
alcohol 15 (278 mg. 1.08 mmol) m acetone 
* 13 mL). A solution (20 drops) of g'°^w f acelic 
acid (0.1 mL) in CH ; a : (1 mL) was added. The 
mixture was itirred for 12 h at RT. poured into 
a saiurated solution of NuHCO, (30 mL) and 
extracted with ether (30 mL). The organic layer 
w«s dried over MgS0 4 . and the solvent was re- 
moved un<W reduced pressure. The crude 
product was rmnlieU by flash chroma toyraphy 
(ether: pentanc - 1 2) to yteW the acctonide 16 
(161 mg. 8I%)«acok)uricssoil:I*U 0 - -1 7 
(f-1.0. CHO,); IR (film); f^-30M (w) 
2966 (s). 2866 (s). 1640 (w). 1381 (s). 1271 (m). 
1197 (s). 1159 (m>. 1107 (s). 973 (ro). 855 
(m)cm 1 ; 'H NMR (400MHz. CDO,)- 
6 - 5.91 -j.84 <m. 1 H. H-2). 4.98-4.94 (m. 
2H. HO'). 3.93-3.86 (m. 1 H). 3.83-3.78 (m 
1 H - H -«>. 3-31 fdd. V • H.7. 2 6 Hz. I H H-41 
165- 1.50 (m. 1 H. H-5). 1.40 (s. 3 H). !35(s. 3 H. C2-CCH.M ] 3* - I 24 (m IH * 
H O). 0 97 (t. 3H). 0.96 (s. 3H. ClXCK,),): -C WMR io MH f mfi. 
6 - 145.10 (d). II 1.88 (t). 98. 19 (s). 75.32 (di. 60.10 («. 39 97 (., 29 K taizstt 
19 ,1 ™ MS < 7 °* HI): J, (% ): ^£^5 
(14). ! 15 (J00). 109 (36). 81 (14). 73 (15). 67 (20). 59 (54) 57 (22) 43 f35V HRMS 
(EI): calcd for C„H„0, [A/ * - CH J 169.1229. found 169 It 21 ^' 

^^■"T!^ Aqueous phos- 

ii! m i?J >K> * *° ,Uli0n (2 3% iB '^• bu "»nol; 400 „U 31 Jnol, O.O^uil" 
^^T/^J!, 1 ^ "P 5 ^^ "=*"i°n «i«ure. After lOmin NalO, 

(996 mg. 4.66 mmoL 3 equiv) was added in portions over a period of 2) min The" 
mixture w« rtmed at RT, and after 24 h and 48 h another two portions of Nat O 
(332 mg. 1 .55 mmol. 2 x 1 .0 equiv, were added. After 55 h the Jye^ £££ 
cd. the aqueous phase was ex.racted twice with ether (30 mL). the coined 

S J^^^ Uh ^°- tbc -™vcd under 

i^uced pressure- The crude product w W purified by flash chromatography 
(ether: penune -1:1) to give aldehyde 17 (221 mg, 76%) as a^tourteoil 

(m). 1726 (s), 1468 (m). ,582 (,). 1273 (ml txSt^^Mm^r^ 
(ra)cm-; UV/Vfc, ,CH,CN): i^(lgs) - 202 run (2 7); 'H NM R (400 MHz. 
C.D.): ^ - 9.55 (a, I H, H-l). 3.98-3.91 (m. 2H, H -6T . 3.84 (ddd J in J 5^ 
1.9 Hz. I H, H-41. 1.71 -|.60(m. 1 H. 1 HOX 1.40 3 H . C ^CH M jT 1- 
J H. 1 HO-). 1.31 (». 3H. C2^H1), ,.04 (s, 3H).0.99 (s. 3 H HO and C" 1 CH ^* 
»C NMR (100 MHz. CDCI,): * - 206.09 (d). 98.43 (, . 72 94 (d #7S (0 « M 

4) (A/ - CHJ. 133 (27). ,05 (52). 75 (100); HRMS (EI): cakd for C,H O 
IM * - CH,J ,71.1021. round 171.102. <-«»0, 

(3^2K(4^2a-Dfas^yHl3Mk»xaB-4-ylV2^thTtpertA^ /|8) A solufi^ 

? k ^ ( ' mmol) •» «•»" « mL) .1 0T. T1« mUture was uimd for 

2 h .• 0-C. w«m=d up lo RT .od (tired for t h. The mix.ure w„ ,«enehed wi* 
. iuur««l tolutKMi of NH.Cl (30 mL) mod otneted iwiee with ether (30 mL) Tke 

(ether.penuoe to yield pure tkohol 18 (231 mg, 80V.) u . colourte oU 
Duuiereomer.: IR (fihn): i^. - 3484 (,). 2967 ( „. »39 (I) 2877 <Tt*6*tZ\ 
.1311 W. 1273 („). „» (() . ..„»(.). 97,,.,. S^^,^-!;^ : 
^_(lf.) — 202 ma (2.7); 'H NMR (400 MHx. C.D.): 6 - 3 70- 3 59 m 3 H 

3*tf itr^Srt ''- ,03 ^ ' H J) - "»<*•• ' H OH, . ( 62-l 3o"rl 
JH. H-4 and H-51. 1.41 (^ 3H). !.»(.. 3 H.C2XCH,),). 1.14(1 V-7J Hi. JH 

MI ,,7> - ■ w ,i6) - ■ " " g: - « : " " 



K i'CM ytrtorsgest/bchafi mhfi. D*94<f Weinkrim. 1996 094? 4539196102 i Li 479 S 1 5.00 h 



1479 



BNSDOCID:<XP 2095724A > 



FULL PAPER 



D. Schinrer et al. 



Diaslereomer b: IR (film): ?_ - 3508 {i)t 29tA (s). 2939 (s>. 2877 <j). 1468 (m). 
1381 (s). 1200 (*>. 1100 (s). 967 <s|. 853 (fn)cm-': UV/Vi» <CH,CN): 
'--..tig*) - 198 nm (1.9). 226 nm (1.7): 'H NMR (400 MHz. CO.): 6 - 3.66-3.53 
(m. 3H. H-4* and H-6*). 3.45 (brd. J - 9.1 Hz. 1 H. H-3). 3.31 (brs. I H. OHl. 
1 .68 - 1 .58 (m. 1H. H-5*). 1.47-1.37 (m. 2H. H-4). 1.35 (s. 3 H. C2'-CH ,). |.25 (i* 
V - 7.2 Hz. 3H. H-5>. 1.22 (s. 3 H. C2"-CH" 3 ). 0.85 ($. 3H). 0.81 (s. 3H. H-1 and 
C2-CH,). 0.83-0.78 (in. I H. H -5 ): "C NMR (100 MHz. C.D.): 6 - 98.57 (1). 
78.85 (d>. 76.46 <d|. 60.08 (I). 39.93 ($). 30.02 (q). 25.41 (t). 25.08 (t) 20 85 (q> 
20.30 tq), 18.90 (q). 1 1.95 (q): MS (70 cV. EI); tn/z (%): 216 (0.007) [.W * J. 201 (17)* 
141 (21). 129 (231. 115(82). 89 (19). 83 (49). 70 (21 ). 59 (100). 57 (40). 43 (34); 
HRMS (El): cakd for C it H st O t \M' - CH,] 201.1491. found 201.149. 

(5V2^2U-D<t»ethyHIJ)dlox*^y1>.2^tby|p ro u^3^e (3): A trtcc or 4 A 
moJccubr sieves and NMO (66 mg. 0.48 mmol. 1.5 equiv) were added 10 a solution 
of alcohol 18 (70 mg. 0.32 mmol) in CHjCI, (5 mL). After the mixture had been 
stirred for 10 mtn. TPAP (6 mg. 16 umoL 0.05 equiv) was added, and the raUture 
watjtirred Tor an additional 4 h at RT. The solvent was removed under reduced 
pressure, and the crude product purified by flash chromatography 
(ether: pentane -1:1) to yield ethyl ketone 3 (60 mg. 86%) as a colourless oil: 
l*lo* - + 12.4 (r - 1.0. CHC1,): IR (film): ^ - 2990 (s). 2973 <s). 2940 (s). 2877 
(m). 1707 (s). 1462 (m). 1381 (s). 1198 (s), 1106 (si. 97 1 (s). 855 (w) cm ' ' : UV/Vis 
(CH,CN>: 4 M .(lfcj«2B8nm (1.9): 'H NMR (400 MHz. C.O.): 6 - 3.90 (dd 
J -11.7. 2.5 Hz. I H. H-4). 3.66-3.36 (m. 2H. H-61. 2.34-2.23 (ra. 2H. H-4). 
1.52-1.43 (m. 1 H. H-5). 1.4! (s. 3H). 1.27 (s. 3H. Cr^CH,),). 1.12 (s. 3H). 0.90 
($. 3H. H-l and C2-CH,). 1.08 (t, / -7.2 Hz. 3 H, H-5). O.S9-0.84(m, I H. H'.5') 
"C NMR (100 MHz. C.DJ:^ - 213.23 (s). 98.42 (s). 74.18(d). 59.82 (t) 50 44(s) 
3l.70(t).30.03(q).25.55(t),2a97(q).I9.35(q).l9.04(q).8.i6(q):MS(70eV.EI)' 
m/r(%): 199 (24) \M * - CHJ. 156 (28). 139 (23). 127 (9). 115 (41). 99 (14) 83 
(48). 57 (100). 43 (41); HRMS(EI): cakd for C^H^O, [M • -CH 4 | 199 1334 
found 199.133. Anal, cakd for C lx H lt O t (214.30): C 67.26%; H 10.35%. Found- 
C 67.21%: H 10.08%. 



Sodium 6-6ydrox>hexaaoate (20) was synthesized acceding to a procedure from 
WulfTet aL [91 starting from oxaprolactone (19). 

rrrr-Botyldimetliylsilyl 6K/«^ryWi«ediyhayloxy)he)i.noate (21). A mixture of 
the salt 20 (2.00 g. 13.0 mmol). DMF (25 mL). TBDMSCI (5.B7 g. 38.9 mmol. 
3 equiv) and imidazole (5.30 g, 77.85 mmol. 6 equiv) was stirred for 48 li at RT. The 
reliction mixture was filtered through a short pad of silica gel. and the product 
purified by flash chromatography (ether: pen tane - 1 :4) to yield compound 21 
(3.99 g. 85 %) as a colourless oil. IR (film): - 2956 ts). 2932 (s). 2888 (m) 2860 
(*). 1722 (s). 1473 (m). 1363 (w). 1256 (s). 1102 (s). 837 (s)cnr\ 'H NMR 
(400 MHz. CDO,): 6 - 3.58 (1. V - 6.5 Hz. 2H. H-6). 2.30 (1. V -7.4 Hz. 2H 
H-2). 1 .64- 1 .56 (m. 2 H). 1 .55 -1.48 (m, 2H). 1.38-1.30 (m. 2 H. H-3. H-4. H-5) 
0.91 (».9H.C!-OSi/Bu). 0.87 (i. 9H. C6-OSi/Bu) 024 (s. 6H. Cl-OSiCHj 002 
(*. 6 H. C6OS1CH,): '*C NMR (J00 MHz, CDO,): 6 - ! 74.1 7 (s). 63.00 (I). 36 02 
(D- 32.53 (t). 25.95 (q). 25.55 (q). 25.40 (t). 24.91 (t). 18.33 (s). 17.57 (,) -4 83 
(q). -5.32( M ); MS(70eV.El): ra /-<%):36O(0.2){Ji/*). 345 (7). 303(87). 287 (18) 
189 (19). 171 (24). 147 (100). 133 (14). 117 (10). 97 (1 7), 75 (83) fHOSKCH,):] 69 
(26): HRMS (EI): cakd for C,.H^O a Si s [M ♦ - rBu] 303.1812. found 303.181. 

H'*n**& * im*rkih^y1lk***m>* acU (22) pi): A solution of 21 (3.25 g. 

9.02 aunol) in methanol (130 mL) and THF (44 mL) was mixed with a soluuon of 
K,CO, (4.40 g, 3I.B nunoL 3 J equiv) in water (44 mL) and stirred for 1 h at RT. 
The solution was concentrated to one quarter of its original volume under reduced 
pressure, diluted with brine (130 mL) and acidified with a 1 m KHS0 4 solution to 
pH 4-5. The soluuon was extracted with ether (100 mL). the organic layer dried 
over MgSO,. and the sotveni removed under reduced pressure to give acid 22 
(2.01 g. 90%) as a colourless oil. I R (film): - 3038 (m). 2932 (s). 2859 (s) 1712 
(s). 1473 (m). 1256 (s). 1102 (s). 837 (s). 776 Wcm" 1 ; UV/Vi, (CH,CN)- ; 
(Igt)-I98nm (2.7). 218 om (1.9); 'H NMR (400 MHz. CDO,): <J- 359*a 
V - 6.4 Hz. 2 H. H-6). 2.34 (t, V -7.5 Hz. 2H. H-2). 1.68-1.60 (m. 2H). I 56- 
1 .49 (ra. 2H). 1.41-1 .33 (m. 2 H, H-3. H-4. H-5). 0.87 (s. 9H. Si/Bu). 0 03 (s. 6 H 
Si(CH t )*): '»C NMR (100 MHz. CDO,): i - 180.09 (s). 62.90 (t), 34.05 (t). 32 37 
(0. 25.93 (q). 25.31 (0. 24.46(t). 1 8.32 (•). - 5.33 (q); MS (70 eV, EI): m/z (%)• 360 
(0.2) [M 345 (7), 303 (87). 287 (18). 189 (19), 171 (24). 147 ( 100), 133 (14) 117 
(10) 97 (17). 73 (85) fHOSKCH^]. 69 (26): HRMS (EI): cakd for C, H.^Si 
[M • - ,Bu] 189.0947. found 189.094. 1 

M^B«ryldln^rha y lMy)l«j^aorl cMoride (23): A solution of acid 22 (500 mg. 

2.03 mmol) m benzene (4tnL) was mixed with SOC1, (362 mg. 3.04 mmoL 
1.5 equrv) and refluacd for 2 h. The mixture was cooled to RT. and the solvent 
removed under reduced pressure. In order to remove excess SOC1, from the mixture, 
benzene (5 mL) was added and the solvent removed again under reduced pressure 
to give acid chloride 23 (494 mg. 92%). The product was used directly without 
further purification. 

3^6-(rrrt>BatyirliaM di) kflj ^xy)hexanoylH5> 4 c«nrop y loxazolidia-2H>c« (7): To a 
solution of (4SH-Uoprc>pyl-2-ojuuolidinone (24)(22|(755 mg. 5.85 mmol) in THF 
(8mL) at -78 C was added a soluuon of flBuLi (1.6m in hexane: 4.0 mL. 
6.43 mmoL |.| equiv). Within 2 min a solution of acid chloride 23 (1.703 g. 



6.43 mmol. 1.1 equiv) in THF (7mL) was added at -78 *C. The mixture 
warmed to RT and. after addition of a I m solution of K,CO, (II mL). stirred t«»r 
15 min. The mUttire was extracted with CH 2 C1, (30 mL). the organic taycr dried 
over MgS0 4 . ^nd ihe solvent removed under reduced pressure. The crude product 
was punTied by flash chromatography (ether: pentane —1:1) to give compounj 7 
(1.352 g. 65%) as a colourless oil. IR(film): - 2V56 (s). 2932 (si. 2858 is). ITx* 
(*>. 1705(s). 1472 (m). 1388 (s). 1252 (s). 1206 (s). HU1 (0. 83/ (s). 776(m)cr.i 
UV/Vis (CH.CN): (Ig«) - 204 nm (39): 'H NMR (400MHi. CDClj; 

A - 4.44 - 4.39 (m. 1 H. H-4). 4.26-4.16 (m. 2H. H-5). 3.58 (I. V - 6.5 Hz. 21 1. 
H-6'). 3.00 - 2.93 (m. 1 H). 2.87 - 2.80 (m. I H. H 2*). 2 37-2.32 (m. 1H.C4-CH,. 
1 69-1.61 (ro. 2H). 1.56- 1.50 (m. 2 H). 1.49-1.35 (m. 2H. H-3*. H-4'. H-5*). 0>9 
(d. V -7.2 Hz. 3 H. C4-CH-C//j). 0.86 (j. 9H. Si/Bu). 0.84 (d. V - 6.9 Hz. 3H. 
C4-CH-C/T,). 0.01 (s. 6H. SifCH,),); IJ C NMR (100 MHz. CDO,): - 173.22 
(s). 1 54.02 (s). 63.26 (t). 62.94 (t). 58.32 (d). 35.47 <t>. 32.52 (t). 28.32 (d). 25.92 (q>. 
25.36 (t). 24.18 (t). 18.29 (s). 1 7.92 (q). 14.61 (q). -5.34 (q»; MS (70 cV. El), m : 
(%): 357 (0.06) [M * J. 342 (3) [M * - CH.J. 300 (86) [M * - /Bu). 229 (15i. I>!h 
(25). 171 (62). 129 (19). 91 (100); HRMS (EI): calcd for C l4t H,.NO. [.« * •- »H..| 
300.1631. found 300.163. 

(25V 3V |6-{f*rt- Buty Mime thy Wly^ 

la-2-ooe (25): A solution of NuHMOS (I.Uw in THF: 1.23 mL 1 J3 mrmil. 
1.1 equiv) was cookd to - 78 'C. and a precooted solution (O'O of oxazoltdtnnnc 
7 (400 mg. 1.12 mmol) in THF (3.5 mL) was added. The reaction mixture wa* 
stirred for 30 min at - 78 C C. and a solution of Mel (793 mg. 5.59 mmol. 5 equiv) in 
THF (2 mL) was added. After 4 h of stirring at -78 X. the mixture was quenched 
with a saturated solution of NH«C1 (30 mL) and extracted with ether (40 mL). The 
organic layer was dried over MgSO*. and the solvent removed under reduivO 
pressure. The crude product (15:1 ratio of diastereomers) was purified by fW: 
chromatography (ether: pen tane - 1 :2) to give pure 25 (328 mg. 82%) as a colour. 
Jess oil. IR (film): - 2958 ($). 2933 (s). 2859 (m). 1784 (s). 1702 (i). 1463 (mi. 
I386(s). 1242 (m). 1205 (s). 1098 (s). 837 im). 776 (mi cm " 1 : UV Vis (CH.CNr 
(lg») - 204 nm (4.0); 'H NMR (400 MHz. CDCI,): S - 4.43 -4 J9 (m. ! if. 
H-4). 4.25-4.15 (m. 2 H. H-5), 3.73-3.08 (m. 1 H. H-2 ). 3.58 - 3.54 (m. 2 H. H-ft t. 
2.35-2.30 (m, 1 H. C4-CH). 1.72-1.68 (m. I H). 1.50-1.26 (m. 5H. H-3 . H-J . 
H-5'). t.I7 (d. V- 6.9 Hz. 3H. Cr-CH,). 0.88 (0. V- 7.0 Hz. 3H. C4-CH 
CW,). 0.86-0.84 (m. 3H. C4-CH-C/T,). 0.S5 a. OH. Si/Bu). 0.01 (s. 611. 
S^CHj^^CNMRdOO MHz. CDCLJ: & -177.13 (*). 153.60 (s). 63.13 (t). 62.95 
(t). 58.38 (d). 37.63 (d). 32.83 (t). 32.78 (t). 28.37 (d). 25.92 (q). 73.50 (0. 18-29 J*t. 
17-89(q).I7.76(q).14.63(q), - 5.33 (q); MS(70 eV. £1): m /r<%): 371 (0 18)(.W *|. 
356 (3) [A/* -CHJ.3I4(100)(W - /Bu|. 243 (16). 186(76). 130(14). 75 r2.*> 
(HOSi(CH,),*J: HRMS (El) cakd for C.H^NO.Si [M * - /Bu| 314.I7W. TounJ 
314.178. 

(S>^r^B«tyWln>ethylsilyk>xy)-2-methylhexajcK-l^ (26): A slurry of LAH (1 m hi 
ether: 452 mL. 0.432 mmol. 1 equiv) was added over 40 min by syringe pump to a 
cooled solution (0 "C> of compound 25 (168 mg. 0.45 mmol) in ether (3 mL). The 
mixture was quenched by addition of water (17 uL). 15% aqeoui NaOH (l?uL) 
and water (52 uL). The mixture was filtered through a short plug and purified b> 
flash chromatography (ether: pentane - 1 : 1) to give alcohol 26 (94 mg. 84%) at a 
colourlos oil: [a)!* - -7.4 ( c ~ 1.0. CHO,); IR ffilm): » M - 3348 (s), 2953 (s). 
2931 (s). 2859 (s). 1472 (s). 1388 (w). 1256 (m), 1101 (1). 836 (Ocm*': *H NMR 
(400 MHz. CDCI,): b - 3.59 (t. V - 6.4 Hz. 2 H, H-6). 3.44 (ddd./«l0.4. 6.5. 
5.8 Hz. 2H. H-l). !.62-0.98{m. 7H. H-2. H-3. H-4. H-5).0.90(d, V • 6.8 Hz. 3H. 
C2-CH0, 0.87 (s. 9H. SifBu). 0.03 (s. 6H. Si^H,),): "C NMA (100 MH*. CD 
O,): 6 - 68.25 (t). 63. 1 2 <t). 35.72 (d). 33.03 (1). 32.84 (t). 25.94 <q). 23. 1 3 (t). 
(s). 16.31 (q). -5^9 (q); MS (70 eV. El): mfz (%): 247 (0.7) [M * +HJ. 189 
[M* - (Bu). 143 (6), 115(9), 105(271.97(70). 75 (57) (HOSKCH^I. » (34). 55 
(100): HRMS (El): calcd for C.jH^OjSi [Af * - /Bu) 189.1311, found 189.131 
Anal, cakd for C.jH^OjSi (246.46) : C 63.33 % ; H 12.27%. Found: C 62.98%; H 
12.23%. 

(5>^refT-B u t y l dIw mvtsilyloKy)-2-qiethymexanal (4): A solution ofourytchlofKjc 
(64 mg. 0.505 mmol. 1.4 equiv) in CHjCI, (2 mL) was cooled to -78 c Catid DMSO 
(79 rag. 1.01 mmoL 2.8 equiv) was added. After 5 min a solution of alcoho 1 26 
(89 mg, 0.361 mmol) in CHjCI, (1 mL) was added. The mixture was stirred to 
30 min at -78 X. and NEt, (161 rag. 1.39 mmol. 4.4 equiv) was added. The mix 
ture was stirred for an additional hour at - 30 X. The reaction mixture »« diluted 
with pentane (5.2 mL) and washed with a 1 u aqueous solution of NaHSO* 
(3.4 mL) and with water (3 x 3.4 mL). The organic layer was dried over MgSO* 
and the solvent removed under reduced pressure. The crude product was purified 
by flash chromatography (ether: pentane - 1 :2) to give aldehyde 4 (77 mg. 87 %» 
as a colourless oil: - +13.3 (c-1.0. CHCI,); IR (film): f_ - 2956 (it. 
2932 (s). 2859 (s). 2709 (w). 1730 (t). 1463 (w). 1256 (m). 1100 (si. 837 (s). 776 
(m) cm " ' ; »H NMR (400 MHz. CDC1,): 6 - 9.60 (d. *J - 2.0 Hi. 1 H. H-l ). S-* 9 
(L V - 6.4 Hz. 2H. H-6). 2.35-2.30 (m. 1 H, H-2). 1.74-1.67 (m. 1 H). I 55- 1.34 
(m, 5H. H-3. H-4. H-5). 1.08 (d. V -7.2 Hz, 3H. C2-CH,), 0.87 Is, 9H. Si/Bui. 
0.02 (s. 6H. SUCH,),): IJ C NMR (100 MHz. CDCI,): h - 205J4 (d). 62.81 tt»- 
46.30 (d). 32.73 (t). 30.25 (t). 25.93 (q). 23.25 (t). 1 8.33 (s). 1 3.25 (q). - 5 J2(q): M> 
(70eV.EI):m/.-(%):245(I.1)[W +HI.243(1.0)(.V - HJ. 227 (5). 203 (38). I * 
(100). 143 (12). 131 (7). 101 (8). 83 (26). 75 (62) [HOSi(CH,);i. 55 (22)- 
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l^-Bonldiwi^UflykixyM^hvlpoH-*^.^ (27): To a suspension of \U 
- (TOOmg. :8:8 mmoi.- Ir3 equtvi i u THF (1.5 mL) was added 2-bromopropcne 
(0.2 mL. 2.3 mmol. 0J equiv). After the reauimi had started a solution of2-bromo- 
propene (2.5 mL. 28.9 mmol. 1.3 equiv) in THMlOmL) was slowly added under 
^«°° I,r, f - Umii aB ihe ^f 1 **** 1 *« dissolved. A %c!ution of 5 (4.136g. 
22.0 rnmo,*) in THFdO mL) was added, and the mixture stirred for 20 h at RT. The 
mixiure was poured imo a %aiumted aqueous solution of NH 4 C1 (200 mL) and 
stirred Tor 10 min. The mixture was extracted four timet with eihcr (Su mL). and the 
combined organic layers were dried over MgS0 4 . The solvent was removed under 
reduced fHourc. and the crude product purified by flash chromatography 
(etr*r:pcntanc -1:6) to give 27 (4.462 g. 88%) as a colourless oil. IR (Film): 
- 3423 (br sh 3088 (w). 2956 (vs). 2930 (v»). 2886 (i). 2859 (s). 1652 (w). 1473 

( .^»? (m> " 1256 iU 1098 <V5K 939 im) - *" (m >- 836 t vs »* 777 (*)cm-'; 
H NMR (4U0 MHz. CDC1,): 6 - 5.01 (m. 1 H. H-5h 4 84 (m. 1 H. H-5). 4.24 (,«. 
IH. H-3h 3.K6{ddd. > -10.1. 5.8. 4.6 Hz. I H, H-1). 3.78 (ddd. /-101 73 
4.6 Hz. 1H. H-1). 3.34 (d. V- 3.1 Hz. I H. OH). 1.78-1.72 Im. 3H. C4lcH,h 

m^^V^^; ° 07 - 0 06 u ** 6K Si " CH « a,id Si -C"W; "C NMR 

( 100 MHz. COO,): 6 - 147.10 (sh 1 10.39 <i). 75 21 (d). 62.1 7 (i). 36.79 (t) 25 89 
(q). 18.41 (q). 18.17 (i). -5.49 (q). -5.53 (q): MS (PCI.NHJ: m z (%) - ">48 (3) 
M* + NH;j. 231 (94)(.W + H*].213(100)fAf* - OH|. 132 (5) fTBDMSO+ H '] 
92 (9): Anal, calcd for C^H^O^i (230.43): C 62.55%: H 1137%. Found- C 
62.28%; H 1 1.32%. 

^ Hl ^ ,>l,fi ^ yM ^ y) ^^ yl ^^ w <"> T ° » of n 

(HOT mg. 3.47 mmol) and ( — Hlbsopropyliartraie (244 m*. 1 .04 mmol. 0.3 equiv) in 
CH.d, (14 mL) were added powdered and freshly activated molecular sieves 4 A 
(-50 mg). As interna] GC standard »-decane ( 1 40 uL) *>, added. The mixture was 
cooled to -20 C Titanium<tv) isopropytate (197 mg. 0.694 mmol. 0.2 equiv) was 
added with stirring. After 30 min an aliquot of ca. 4 drops was removed, mixed with 
ether (0.15 raL) at 0 C and quenched into an aqueous solution of FeSO, and citric 
and to provide a GC t 9 sample. The reaction mixture was then treated with a 
solution or wr-buiyl hydroperoxide (3 m in isooctanc: 1.07 mL. 2.43 mmol 
0.7 equ ,v). |, was stirred at -22 C and worked up after 50% conversion (46 h) by 
quenching with 10 mL of an aqueous solution containing 3.3 g of FeSO A - 7 H 2 0 and 
1.1 g of citric »etd monohydraie. The mixture was stirred vigorously whhoui cooling 
for 30 mtrL extracted three times with CH^Cl, (30 mL) and washed with brine 
(SO mL). Thecombinded organic layers were dried over MgS0 4 . The crude product 
was .punned by flash chromatography {« her: pen lane - l :6) to yield 1 1 <274 mg. 
*6 ) as a colourless oil. The enantiomeric excess (rr) w>s determined by analysis 
of the ( + )-M«heT ester of 1 1, filo 10 - - 4.6 (r - I. CHOI,); 80% ^. The absolute 
configuration ol It was determined by the met hod of Mos her (14.15]. 

(^3-Beozytexy-M/m-b.tr^^ <2S) . ^ { 

bromide (4.l5mL. 34.9 mmoL 25 equiv) was added at 0 C to a suspension of 
potassium hydride (35% in mineral oil; 192 mg, 1.67 mmol. 1.2 equiv) in THF 
(4.2 mL). Akohol II (322 mg. 1.40 mmol) and tetrad-bury la mmonium iodide 
(8 mg. 21 umol. 0.015 equiv) in THF (I mL) were added with stirring. After 15 min 
the mixture was warmed to RT and stirred for an additional 41 h. The reaction 
mixture was quenched with an aqueous saturated solution of NH.C1 (22 mL) 
I^^J W,Ce ^ th ether (3 ° raL >- ^ brine (30 mL). and dried over" 
MgSO«. The sotvem and excess benzyl bromide were removed under reduced pres- 
sure, and the crude product was purified by flash chromatography (ether: petroleum 
ether - 1 : 80) to give 28 (297 mg. 66%) as a colourless oil. IR (Film): ? - 3070 
(w).3033(w).>955(vs).9292(v,).28S4(s).2«58(v,), I650(w), 1472(m). I?89(ml 
13ol (m). 1256 (s). 1096 (v,). 939 (m). 902 (ra). 833 (vs). 776 (s). 733 (m) 697 
: , UV/VU tCH 4 CN): ^ (lga)-2IO n m (sh. 1.9); 'H NMR (400MHz, 
CDC1,): i -7J3-7J| (m. 5H, Ar-H), 4.94 (m. 2H. H-5 und H-5). 447 (d, 
V - 1 1.6 Hz. 1 H. Ar<rVH*0). 4^3 (d. V - 1 1.6 Hz. 1 H. Ar^H/fO). 3.92 (dd 
J - 8.1. 5.3 Hz. 1 H. H-3). 3.66 (ddd. J - 10.1. 7.3. 6.0 Hz. 1 H. H-J). 3 62 (ddd. 
J - 10.1. 6.0.6.0 Hz. 1 H. H'-l). 1.90-1.82 (m. 1 H. H-2). 1.71 - 1. 64 (re. 1 H H'-2) 
1.70 (m, 3H. C4-CH,). 0.86 (a. 9H. SiiBu). 0X>2. 0.01 (2 s. 6H. Si-CH. avid 
Si-CH,): »»C NMR (100 MHz, CDCU: t -144.70 (.). 138.87 (,). 128.33 (d) 
127.78 (d). 127.40(d), 1 13.54 (t), 80.03 (d). 70.07(1). 59.71 (t). 37.18 (t) 25 97 (a) 
18^30 (s). 16.75 (q). -5.28 (q). -5JI (q); MS (EI): m/r (%) - 195 (23). t65 (21)" 

(NCI. NH J: calcd for C,Ji„0^i (A/ — H*J .M9J093, found 3)9.209. 

i^^^ Ky ' Ml ^ ' ^ M lA y ^' y) ^^ 2 ^ Alkene 28 (200 mg. 

A** * dded 10 ' mUtu '* ° (TH¥ < 8 ^ 4ftd *«*er (8 mL). A mixture 
of 0sO 4 (2.5 % in rm-butaaol; 127 mg. 1 2.5 ujnoL 0.02 equiv) and TH F (8 mL) was 
added. The mixture was stirred for 3 min, and NalO« (400 mg, 1,87 mmol 
3.0 equiv) wa, added. After 22 b of stirring at RT. NalO. (133 mg, 0.624 mmol! 
1 eqiuv) was added. After being stirred for 40 b at RT, the reaction mixture was 
poured into ether (20 mL) and diluted with water (5 mL). The mixture was extracted 
twice with ether (20 mL). the combined organic layers were dried over MgS0 4 . and 
the solvent was removed under reduced pressure. The crude product was purified by 
flash chromatography (ether :pentanc - 1 : 8) to give 9 ( 146 rag. 73 %) «. • colourless 
oil IR (fibn): f_ - 3065 (w). 3032 (w). 3008 (w). 2956 (vs). 2929 (vs). 2884 (,). 
i irl* ,7,tMv, »- l49 B(w). 1472 (m). 1420(w). 1407 (*), I390(m). I256(s). 1098 

H NMR (400 MHz. CDC1,): 6 - 7.37 - 7.^6 (m. 5 H. Ar-H). 4.58 (d V - 1 1 5 Hz 



IH. Ar-C//H O). 4.44 (d. V- 11.5 Hz. I H. Ar-CH/TO). 3.98 (dd V-78 
4 9 Hz.1 H. HO). 3.74 -3.71 (m. 2 H. H-5). 2. 18 (s, 3 H. H-1 ). 1.93- 1.81 (m 2 H - 
H-4). 0.87 (s. 9H. Si/Bu). 0.03 <2v 6H. Si-CH, and Si-CH',); "C NMR 
(100MHz. CDCI,):** »21l.00(s). 137.67 (sh 128.31 (d). 127.94 (d). I27*)(d> 
82.00 (d>. 72.59 (!). 58.68 (!). 35.13 (t). 25.94 (q> t 25.68 (q). 18.30 M).-5 3« 
(q). -5.43 (q; : MS (PCI. NHj): m/r {%) - 340 (23) NH.r. '3"»3 MOT)) 
•' V + H *l' 233 (4). 191 <14)t,W - TBDMSOJ. 108 (9). 9i c3)(C^H;i: HRMS 
(NCI. NH,): cakd for C^HjoO^i (.W - H") 321.1886. found 321.188. 

4-BnMQOfnethyl-2-<nctbvlibiuole (30): To a solution of 29 (484 mg. 3.75 mmol) \a 
ether (8 mL) was added under stirring tri phenyl phosphine (l .376g, 5^4 mmol. 
1.4 equiv) and tctrabromumethanc ( 1.740 g. 5.24 mmol. 1.4 equiv). The mixture 
was stirred for 16 h at RT. filtered and washed with ether (30 mL). The solvent was 
removed under reduced pressure, and the crude product was purified by Hash 
chromatography (ether: pen lane - 1:5) to yield 30 (401 mg. 56%) as a greenish 
yellow oil. IR (film): - 3465 (w). 3406 (w). 3106 (m). 3043 (s). 2979 (vs). 2847 
(w). 156S(w). 1487 (,). 146* (m). 1375(m). 1342 (s). 1231 (s). 1194 (m). 1139 (m) 
845 (m). 747 ($), 614 imjcm": UV/Vb (CH,CN): (Igx) - 216 nm (*h ^9) 
240 nm (sh. 2.7); 'H NMR (400 MHz. CDCI,. TMS): 6 -7.14(s, 1 H, H-5). 4,54 (s' 
2H. C4-CH 3 Br). 2.71 ( S . 3 H. C2-CHJ; '*C NMR (100 MHz. CDC,); 6 - 16691 
(s). 151.63 (*). 117.25(d), 27.11 u). 19.25 t q); MS (El): mf: (%) - 191/193 f 1 1/1 1 ) 
[M *]. 1 12 (100) \M * - Br|. 71 (47). 69 (12), 45 (15) (HCS*J; HRMS (El): cakd 
forC,H*BrNS 190.9404. found 11*0.940. 

Diethyl (l^netfcylihiazol^yl^thaivphospkofute (Id,. A mixture of 30 (150 mg. 
0.78 mmol) and triethyl phosphite (0.3 mL. I/»5 mmol. 2.2 equiv) was heated for 
1.5 h at 160 'C. The reaction mixture was cooled and excess triethyl phosphite was 
removed under reduced pressure. The crude product was purified by flash chro- 
matography (methanol: ether - 1 :!-)) to give 10 (1 73 mg. 89% ) as a colourless oil 
IR(Fihn):r^, . 3455 (s br). 2986 (s), 2927 (m). 2909 (m). 1655 (w); 1521 (m) 1444 
(w). 1395 (w). 1323 (wK 1244 (sh l!187(mh l!64(mh 1053 (v»>. 1026 (vs). 96* 
(s) cm' ' ; 'H NMR (400 MHz. CDCl,. TMS): 6 - 7.06 (d. V(H P) - 3 9 1 Iz. I H 
H-5h 4.09 (dq. V(H.H) -7.0 Hz, V(II.F) - 7.8 Hz. 4H. PO-C/Y.-CHJ. 3.35 (d 
M H -J?JT 21 4 Ht * 2 H - P * CH ^>- 169 3 H - C2-THJ. s ^ (u V(H.H) - 7.0 Hz." 

HO-CH^W,); 1J C NMR (100 MHz. CDCI,): « . 165.44 <*). 145.96 (ds. 
V(CJ») - 8.2 Hz). 1 15.67 (dd. V(C,P) - 7.4 Hz). 62.1V (dt. 2 C. J ^/\P) - 6 4 Hz) 
29.35 (dt. V(C.P)- 141 Hz). 19.05 (q). 16.35 (dq. 2 C. MCP) - 6.0 Hz)- J, P 
NMR (81 MHz. CDC1,. ^PO. ext.): 6 - 26 (s): MS (70 eV. Eli: ml.' (%) « 249 
(45) {At *|. 221 (6) [M * - C t HJ. 204 (8)(,W * - OEt). 176 (91. 175 (10). 152 (12). 
^140(12). 126(23hll3(t0O)(C 5 H.NS'].ll2(38)(C J H 4 NS-J.81(13).7l(28h45 

(S*4£>3-c*tuyloxH-<r^-b«tyWlm^ 

peot-4-eae (8): A solution or 10 (33 mg, 132 umol) in THF (2 mL) was cooled 
to -78'C. and nBuLi (15% in hexane; 78 uL. 125 M moL 0.95 equiv) added. The 
mixture w«s stirred for 45 min. A solution of methyl ketone 9(35 mg. 109 umol) in 
THF (J mL) was added at - 78 P C. The renction mixture was warmed slowly to RT. 
stirred for 40 h, quenched with a saturated solution of NH«C1 (10 raL). extracted 
three times with ether (15 mL) and washed with brine (30 mL). The combined 
organic layers were dried over MgS0 4 . The solvent was removed under reduced 
pressure, and the crude product purified by flash chromatography 
(dKAloromethane.pentane -1:1) to give 4 (l7mg. 38%) as a colourless oil 
(*Jd - -°.5(c-l.0.CDa,).IR(rilm):f^- 3064(wh303l(wh2955(vs).2928 
(vs). 2883 (s). 2857(s). !506(mh 1471 (m). 146? (m), U55(m). 1388 (m). 1361 (w). 
1256 (i). 1183 (mh 1094 (vs). 1028 (m). 940 (w). 833 (vs). 776 (s). 733 (in). 697 
(m)cm-' ; 'H NMR (400 MHz. CDCI,): 6 -7.29-7.18 (m. 5H, Ar-H). 6 93 (s. 
1 H. H-5 ). 6.49 (brs. 1 H. H-5), 4.47 (d. V - 11.8 Hz. 1 H. Ar-C/YH O). 4-24 (d 
/ — 1 1.8 Hz, I H. Ar-CRWO). 3.99 (dd, V - 8.3. 5.0 Hz, I H. H-3). 3.6V (ddd 
J - 10.0. 7.7. 5.6 Hz, 1 H. H-1). 3.62 (ddd. J - 10.0. 5.8. 5.8 Hz, I H. H'-l). 2.67 (s! 
3H.C2--CH,).l.99(d.V.i.2Hz.3H.C4-CHJ. 1.93-1.83(m,lH.H-2) 1 76- 
169(m, IH. H-2J.0.83 (s. 9H. Si/Bu). -0.02 (2s, 6H. Si-CH, and Si-CH',)- ts C 
NMR (100 MHz. CDO^: 6 -164.4 (s). 152.90 (s). 139.74 (s), 138.84 (t). 128 33 

(d). 127.77(d). 127.41(d), 121.33(d), 115.67(d). 82.00(d). 70.30(0.59^9(1). 37 58 
(t). 25.98 (q;. 19.26 (q). 18.30 (s). 13.44 (q), - 5.25 (q). - 5.31 (q): MS (70 eV. £|>- 
m/r (%) - 417 (9) [M 360 (37) [M • - tBo), 326 (12) [M * - C,H,J. 254 (15). 
226(13). 194(2 165 (26). 140 (27). 91 (l00)(C,H;i. 89 (17). 73 (21). 57 (6)(/Bu*J; 
HRMS (EI): died for CjjH^NOjSSi 417.2158. round 417.215. AnaL cakd for 
CjjH^NCSSi (417.69): C 66.15%; H 8.45%; N 3.36%; S 7.66% Found- C 
66.48%; H 8.44%; N 3.19%; S 7.73%. 
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